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*ye  initially,  after  vowels,  and  after  b,  b;  e elsewhere. 
V.'hen  written  as  e in  Russian,  transliterate  as  ye  or  e. 
The  use  of  diacritical  marks  is  preferred,  but  such  marks 
may  be  omitted  when  expediency  dictates. 
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RUSSIAN  AND  ENGLISH  TRIGONOMETRIC  FUNCTIONS 


Russian 

English 
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cosec 

CSC 

sh 

slnh 

ch 

cosh 

th 

tanh 

cth 

coth 

sch 

sech 

c sch 

csch 

arc 

sin 

. -1 

sin 

arc 

cos 

cos~^ 

arc 

tg 

^ -1 
tan 

arc 

ctg 

. -1 
cot 

arc 

sec 

-1 

sec 

arc 

cosec 

CSC  ^ 

arc 

sh 

slnh”^ 

arc 

ch 
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INSTALLATION  FOR  VI  PRECISION  MEASUREMENIf  OF  THE  COEFFICIENT  OF 
THERMAL  DIFFUSIVITY  OF  THERMAL  INSULATORS  IN  TEMPERATURE  RANGE 
100-800°C 

K.  G.  Partskhaladze » 0.  A,  Sergey^  I.  H.  Frenkel^ 

Disagreements  of  the  data  on  the  thermal  diffusivity  one  and  th 
same  substances,  obtained  in  different  laboratories,  are  produced  by 
many  factors:  the  lax  derivation  of  design  equations,  by  the 
nonobservance  of  the  conditions  of  experimentation,  by  the  different 
physicochemical  composition  of  the  investigated  material,  by  the 
incorrectness  of  the  measurement  of  the  temperature  in 
specimen/sample,  by  the  incorrect  estimation  of  error  in  the  method 
etc. 

In  VNIin  [BHHHM  - All-Union  Scientific  Research  Institute  of 
Metrology  im.  D.  I.  Mendeleyev]  is  created  specimen  installation  for 
the  certification  of  the  standard  specimen/samples  of  thermal 
diff  usivity. 

The  accuracy  of  the  measurements  of  thermal  diffusivity  can  be 
provided  for  only  when  the  method  is  absolute  and  has  precise  when 
the  method  is  absolute  and  has  precise  theory,  are  widely 
investigated  the  possible  systematic  errors  of  measurement,  specimen 
installation  sufficiently  correctly  realizes  the 
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prpre'juisite/premises  of  theory. 

It  is  desirable  also  in  order  that  nethod  and  equipment  make  it 
possible  to  carry  out  the  rapid  measurements  of  the  broad  class  of 
materials  in  large  temperature  range. 


I 


I 


During  the  design  of  specimen  installation,  it  is  nec 
consider  that  it  will  operate  itself  in  the  e xten t/elon qa t 
years,  and  consequently,  will  continuously  grow/rise  the  s 
requirements.  In  connection  with  this  into  installation,  m 
such  cell/elements  (structural/design  assemblies,  automati 
systems  and  the  measuring  circuits)  whose  possibilities  so 
exceed  contemporary  requirements  and  create  the  prerequisi 
of  the  continuous  perfection/improvement  of  the  fundamenta 
specifications:  the  accuracy/precision  of  measurements,  re 
of  work,  productivity,  cost-effectiveness/efficiency  etc. 

As  can  be  seen  from  survey/coverage  which  gene 

results  of  Soviet  and  foreign  investigations  occurs  the  na 
selection  of  methods,  into  process  of  which  part  of  the  me 

cut  to  be  incapable  to  satisfy  the  constantly  grow/rtsing 
requirements  and  measurements  (methods  of  the  thermal  simi 

limited  standard,  etc.).  This  leads  to  deterioration  failu 
especially  in  new  branches  of  science  and  engineering  wher 
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and  precision  aeasurements  of  the  physical  quantities  in  wide 
teapetature  range  have  fundamental  importance. 

Page  92. 

Other  methods  continuously  are  improved  and  transfer/convert  to  the 
field  classical,  since  they  have  detailed  theory,  confirmed  hy 

experiment  (quasi-stat ionary,  monotonic  heating,  temperature  waves). 

For  producing  specimen  installation,  was  selected  as  most 
theoretically  substantiated  and  virtually  reliably  realized,  the 
method  of  quasi-stationary  mode/conditions  [ 9 ■]  with  the  system  of  the 
corrections,  obtained  in  the  theory  of  monotonic  heating  [ Ifi,  P],  The 
important  role  in  the  selection  of  method  will  play  rapid  obtaining 
the  results  of  measurements  over  a wide  range  of  temperatures. 


The  theory  of  method. 


For  the  unlimited  plate  with  a thickness  2/,  temperature  t {I,  x) 
and  < ^ a)  of  surfaces  of  which  are  equal  and  change  in  time  r 

according  to  linear  law  with  a velocity  of  fc,  between  the  center  and 
the  boundary  it  appears  a difference  in  temperatures  [9] 
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where  a - 
numbe  r: 


With  Po  = 
in  (1)  can 

1)  » i.e. , 


PAGE 


»„.  = -42-+ "1  V4i 


2a  a 


(1) 


coefficient,  of  thermal  diffusivity;  po  = 


— It f on  Tier 


(2n-  1)« 


.5  with  accura cy /pr ecis ion  0.25o/o  all  terms  of  a series 
h**  disregarded  [9],  with  the  exception  of  the  first  (n  = 

A l>l*  I l>  I*  16  . / «•  _ \ 

Onux ^ • 1?-  MP  ( - -f- Fo)  , 


(2) 
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or 


^nux ^ (1  + fil)>  (3) 


where 


(4) 


Thus,  usually  the  utilized  in  the  methods  of  quasi-stat ionary 
Bode/conditions  working  formula 


_*(L 


a — 


(5) 
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is  not  a precise  in  the  initial  perioil  due  to  effect  irregular  stage 
cf  mode/cond i ti ons. 

Page  93. 

As  shown  in  f 15],  luring  the  deriva^'ion  of  this  formulas  is  not 
considered  the  effect  of  the  temperature  dependence  of  t- hermophysica  1 
values,  asymmetry  of  temperature  field,  limitedness  of  th’ 
size/di  aensions  of  plate  and  series  of  othor  factors.  In  i^-s  general 
view  can  be  presented  as 


hit  , r , 

+■  + *2  f ^2  f + 64  + *6  + 6*).  (6) 


where  6 are  corrections,  and  index  0 means  that  the  values  of  the 
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corresponding  quantities  are  related  to  the  temperature  of  -^he 
surface  of  plate. 


The  correction  of  6*2  is  introduced  [lO]  in  connection  «i+h  the 


account  of  the  effect  of  the  temperature  dependence  of  thermophysical 
values 


^2  — ^max  • (7) 


I 

where  the  k^,  ky,  - the  temperature  coefficients  of  ♦•h=»  ' 

specific  heat  c,  of  density  y,  of  the  coefficient  of  thermal 

conductivity  X,  and  also  of  the  velocity  of  heating  b in  plans'  x = 0.  ' 

The  values  of  the  lew  parameters  of  k^,  ky  and  k^^  usually  irc  taken 
from  reference  data.  The  parameter  of  is  determined  from  formula 


Here  6,  are  the  variable  speed  of  the  heating  of  plate  in  section  x 


1 
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= 0 at  torque/monient  t,.  It  is  located  by  differentiation  with 
respect  to  time  of  the  obtained  in  the  process  of  the  heating 
experimental  dependence  t (0,  t)  = f (t)  , which  after  statistical 
processing  is  represented  in  the  form  of  pclynomial 


t (x,  t) 


jr=0 


= C,  + CjT  + CjT*  + ■ 


He  nee 


bi 


_ dt  (X.  T)  I _ 


dx 


X=0 


= Cj  + C3T  -I- 


Correction  6"  3 more  precisely  formulates  by  means  of  the 

account  of  terms  of  expansion,  who  contain  the  low  parameters  of  the 
second  order  of  smallness  f 10] 


^2  — ^max  I [^-  0'  (kj,  -f-  kc  4 ^y) + 


^1 

90 


1.2  1 


{kl  \ 


(8) 


Whpn  no  sufficient  reliable  data  on  the  t hermophysical  proper+’ies  of 
the  investigated  material,  for  the  calculation  of  corrections  (7)  and 
(8)  it  is  possible  to  use  relationship/ratio  [8] 

where  — the  relative  coefficient  of  a change  in  the  thermal 

diff usivity.  For  its  determination  is  analyzed  dependence  a = ^ (T) , 
calculated  in  zero  approximation  according  to  formula  (5). 


Page  9U. 
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After  carrying  out  one  substitution  or  the  other  from  this 
relationship/ratio,  we  will  obtain  other  expressions  of  corrections 


(7)  and  (8) 


62  — g j . 

JUHT' 

^2  ^nidx  [^“g“  ^ ka  -p  ^ {k^  -f-  j ; 

k'  _ r 247  /,2  .2\  J_  61  ,2  , 13  , 2 25  , , , 

O2  — Umax  \kb  — ka)  + + -^  kbka  + 

^ 1 45-(M.-  -tA)]  . 

fi'  a2  [ 247  /, 2 .2x  , 61  .2  , 13  .2  25  , , , 

02  - Umax  ,gQ  \kb  ka)  f Ay  + + 

I 9-  ki,ky^  - k^ky^  — (kyji^  + ^a*v)]  , 

^2  = if^mix  [ + 41'  \-k\ ^ k,,ka  + 

+ “1^  {kfjkc  4-  feijfey)  feffey 1-  (feffej  -f  ^yfea)j  • 
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Correction 


6,  = 2a< 


(9) 


is  introduced  [ R]  due  to  effect  on  the  results  of  the  measurements  of 
the  temperature  expansion  of  sped  men/ sam  pie  (a  is  a coefficient  of 
linear  expansion,  t - the  temperature  of  plate). 


Correction 


(10) 


is  connected  with  the  possible  displacement  of  heat  receiver  from 
plane  x = 0 up  to  distance  a [B]. 


Correction  65  considers  the  effect  of  the  lateral  heat  exchange 
of  plate  and  it  can  be  designed,  for  example,  acording  to  the 
procedure,  given  on  page  2U2. 


Finally,  correction  65  is  introduced  due  to  the  possible 
asymmetry  of  temperature  field,  which  is  expressed  in  the  fact  that 
if  d (1,  t)=  0,  then  d( — /,  t)  = AU.  The  solution  to  equation 

(X.  t)  _ ^ 

<fx*  a 

in  these  boundary  conditions  leads  to  expression 


r 


Oo  — ~ 


. V’_ 

20niax 


('  +2^7)’ 


(H) 
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Page  95. 

Installation  consists  of  high-temperature  furnace  (Pig.  1)  and 
the  bench  of  measurement  and  automatic  control  (Fig.  2). 

The  construction  of  furnace  is  schematically  shown  in  Fig.  3.  Tt 
is  table  type  device,  which  involves  the  systems  of  heating,  the 
compression  of  specimen/sample  and  heat  shield.  Investigated 
specimen/sample  6 and  guard  ring  7 are  establish/installed  between 
disk  low-inertia  heaters  8.  Each  heater  has  two  cell/element  from 

Vichrome  of  brand  Kh20N80.  The  internal  surfaces  of  the  metallic 
(copper,  steel  or  nickel)  disks  of  heaters  contact  with  the  external 
surfaces  of  specimen/sample. 


DOC 
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Fig.  1.  High-tenperature  furnace. 


Page  96. 

A decrease  in  the  gradient  of  the  temperature  in  radial  direction 
serves  the  system  of  screens  9 of  the  polished  stainless  steel.  The 
measurements  will  show  that  as  a result  of  the  accepted  measures  in 
the  middle  zone  (50  mm  in  diameter)  of  the  surfaces  of  the  heaters  of 
a difference  in  the  temperatures  on  surfaces  do  not  exceed  0.2  deg 
with  200®C  (copper)  , 0.4  deg  with  500®C  (copper,  steel,  nickel)  even 
0.6  deg  with  800®C  (steel,  nickel).  The  delay  of  the  peripheral 
thermocouple  of  specimen/sample  relative  to  the  torgue/moment  of  a 
change  in  the  power  of  heating  elements  does  not  exceed  5 s. 

For  the  protection  of  melting  chamber  from  the  effect  of 
environmental  factors  (air  circulation  in  room,  the  thermal  radiation 
of  the  surrounding  object/subjects  etc.)  and  of  cooling  the  external 
surface  of  furnace  in  dual  jacket  3,  is  established/installed  copper 
coil  4 on  which  through  the  manostat  wit)  constant  pressure  head  is 
passed  the  water.  The  reliable  adjustable  contact  of  specimen/sample 
6 and  of  guard  ring  7 with  heaters  8 is  realize/accomplished  with  the 
aid  of  the  system  of  the  compression  of  specimen/ sample  5,  which 
involves  dynamometer  DOSH-3-0. 2,  and  specimen  indicator. 
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Fig.  2.  Bench  of  leasureBent  and  automatic  control. 


Page  97. 

System  makes  it  possible  to  assign  force  of  compression  from  0 to 
2000  n ( ^200  kgf)  with  error  +2.5  n.  For  the  inpiit/introduct  ion  of 
heat  receivers  2 into  the  jacket  of  furnace,  are  provided  for  ^he 
opening/apertures,  closed  against  heat-resistant  rubber  1. 
Installation  makes  it  possible  to  investigate  specimen/samples  up  to 
150  mm  in  diameter  and  with  a thickness  to  22  mm. 

The  construction  of  specimen/samples  is  schematically  shown  in 
Fig.  4.  Are  applied  two  form  of  specimen/samples.  For  the  measurement 
of  the  thermal  diffusivity  of  glass  (Fig.  4a)  is  utilized  the  plate 
in  the  form  of  disk,  which  consists  of  four  plates,  connected  with 
the  action  of  the  forces  of  molecular  cohesion/coupling  (optical 
contact).  Before  the  installation  on  optical  contact  on  surfaces,  are 
cut  special  groove/slots  for  the  laying  of  thermocouples.  This  method 

of  the  assembly  of  thermocouples  makes  it  possible  to  accurately 
determine  the  distance  between  joints  (on  preliminary  measurement  the 
thick ress  of  plates)  and  to  ensure  the  reliable  contact  of 

th ermojunctions  with  s pecimen/sample.  In  the  case  of  the  measurement 
cf  the  thermal  diffusivity  of  the  materials  for  which 


it  is  not 


^ 
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possible  to  use  the  first  nethod  of  the  production  of 
speciaen/sanples,  theraocouple  they  are  laid  into  the  radial 
opening/apertures  of  specimen/sanple  and  guard  ring  (Fig.  4b). 
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Fig.  3.  Diagram  of  the  high-temperature  furnace:  1 - 
2 - thermocouple;  3 - dual  jacket;  4 - cooling  coil; 
compression  of  specimen/sample;  6 - test  specimen;  7 
- disk  heaters;  9 - the  system  of  screens. 


rubber  stopper; 
5 system  of  the 
- guard  ring;  H 


Page  98. 

For  producing  the  reliable  thermal  contact  of  thermoj  unc'’ i on  - *'ith 
the  investigated  material  into  opening/apertures,  is  introduced  the 
small  amount  of  grit  copper  or  nickel)  or  high-temperature  cement. 

The  size/dimension  /,  which  enters  working  formula  (6),  is  determined 
after  experiment  (specimen/sample  is  cut  and  is  measured  the  distance 
between  centers  of  radial  opening/apertures  in  the  location  of 
joint)  . 

A difference  in  the  temperatures  of  is  measured  by 

thermocouples  2 and  3.  Thermocouple  4 serves  for  automatic 
maintaining  heating,  and  differential  thermocouple  1 is  for  automatic 
maintaining  temperature  symmetry,  with  the  aid  of  thermocouples  2 and 
6,  is  controlled  the  unidimensionality  of  temperature  field.  A 
difference  in  the  temperatures  in  points  3 and  5 makes  it  possible  to 
calculate  correction  for  the  asymmetry  of  heating.  The  appearance  of 
quartz  specimen/sample  with  thermocouples  is  represented  in  ’'iq.  5. 


For  the  realization  of  the  linear  heating  of  specimen/sample  and 

conditions  of  the  symmetry  of  its  temperature  field  were  developed 

two  automatic  control  systems  (ACS).,  block  diagram  of  which  was  given 

*) 

in  Fig.  f>.  one  of  them  is  intended  for  the  programmed  temperature 
control  of  the  section  of  specimen/sample  .v  / in  time,  and  another 
- for  maintaining  the  eguality  of  the  temperatures  on  surfaces  of  .v  I 


and  A-  —I  specimen/sample  in  the  process  of  experiment.  Both 
diagrams  are  developed  according  to  aggregate  (block)  > principle 
with  the  maximum  use  of  series  Soviet  eguipment. 
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Fig.  4. 
quartz; 

Key:  (1) 


PAGE 


Constructions  of  the  used  s pec  i ire  n/sam  pies:  a)  from  glass  and 
b)  from  polymers. 


. Guard  ring.  (2).  Optical  contact.  (3).  Guard  ring. 
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Pig.  5.  0uart7  specimpn/saaple  with  mounted  in  it  thermocouples. 
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The  diagram  of  the  programmed  temperature  control  works  as 
follows.  To  the  entrance  of  automatic  regulator  I,  which  realizes 
proport  ion  a 1- integral- dif ferent ia 1 (PTD)  control  f 1 1 ]r  enters  the 
signal  about  the  deviation  of  temperature  of  the  surface  of 
specimen/sample  from  that  which  is  required  with  respect  to  program. 
Algebraic  subtraction  is  realize/accomplished  because  of  the  contrary 
connection/inclusion  of  thermocouple  and  output  signal  of  ♦•he 
programmed  controller. 

< Komnponb  "umanun 
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Fig.  6.  The  d iagr ammat ic  represent  at ior  of  automatic  control  systems. 
1 and  4 - ammeters  ^4  21  ; 2 and  5 - plate  for  the  equalization  of 

temperature  field  on  the  surfaces  of  specimen/sample;  3 - test 
specimen;  6 and  11  - milliammeters  M 4203;  7 and  9 - the  heaters  of 
the  system  of  the  programmed  temperature  control  of  the  surfaces  of 
specimen/saraple;  8 - Dewar  flask;  10  - the  heater  of  the  automatic 

control  system  of  the  symmetry  of  temperature  field;  IPS-Ofi  - the 
stabilized  power  supply. 

Key:  (1).  Konitoring  of  supply.  (2).  Programmed  controller.  (3). 
flonitor.  (4).  Automatic  regulator. 
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Automatic  regulator  consists  of  the  preamplifier  of 
microvolt-microammeter  F116,  the  corrector  KPl-TD  [12]  and  of  the 
differentiator  D-T  [13],  together  realizing  the  PID-law  of  control, 
and  the  thyristor  power  amplifier  * UMT-I,  designed  for  1.5  kW  and 
connected  consecutively  to  governing  heating  elements  7 and  9. 


FOOTNOTE  ».  See/page  116.  ENDFOOTNOTE. 
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The  programmed  controller  is  carried  out  in  the  form  of  separate 
block  and  is  specially  developed  for  this  diagram  (accurac y/preci sion 

of  series  programmed  controllers  of  the  type  of  Rrj5-01,  PD-440ri  etc. 

substantially  than  lower  required  for  ^'his  installation).  The  basic 

cell/element  of  the  programmed  controller  is  the  multiturn  slide  wire 

0 

r on  which  evenly  is  moved  the  arm  a.  To  the  end/leads  of  the  slide 
wire  conducted  stabilized  voltage  from  the  supply  of  power  of  the 
IPS-06  whose  value  determines  the  ♦Temperature  range  of  the  programmed 
control  and  is  adjusted  with  the  aid  of  shunt  register  The 

D 

uniform  displacement  of  arm  ^ over  slide  wire  r is 

realize/dccompl ished  with  the  aid  of  the  synchronous  motor  SD-09,  the 
frequency  of  feeding  stress  of  which  is  stabilized  by  crystal 
oscillator 


FOOTNOTE  As  the  generator  of  frequency,  is  used  the  power  unit 
372P,  released  for  the  printing  chronograph  of  the  type  of  21-372P- 
ENDFOOTNOTE. 


For  the  amplification  of  power  output  of  crystal  oscillator  up  to  ♦he 
value,  necessary  for  the  motor  SD-09,  was  developed  the 
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double-contact  transistor  amplifier  of  alternating  current  of  OWPT. 

For  the  correction  of  nonlinear  dependence  of  thermo-emf  of 
thermocouples  on  temperature  is  applied  the  system  of  variable 
resistances  Rj,  which  shunt  the  individual  sections  of  slide  wire  r. 
For  the  limitation  of  the  range  of  shunting,  ate  provided  for 
resistor/resistances  Rj.  The  amount  of  shunts  and  their  parameters 
are  designed  for  programming  by  the  method  of  the  piecewise 
approximation  of  the  calibration  characteristic  of 

platinum-platinum-rhodium  thermocouple  in  the  range  of  temperatures 
30-1000®C  with  the  error,  which  does  not  exceed  0.05®C.  In  the  case 
cf  applying  the  ch rome 1-alumel  thermocouples,  calibration 
characteristic  of  which  is  linear,  the  need  for  shunting  fails. 

The  reducer  of  speeds  ed;?^makes  it  possible  to  assign  any  time 
of  the  realization  of  program  from  series  0.5;  0.75;  1.0;  1.25;  1.5; 
2.0;  2.5;  3.0;  5.0  h. 

The  equality  of  temperatures  on  surfaces  of  x = l and  x = —I  the 
investigated  specimen/sample  is  supported  with  the  aid  of  automatic 
regulator  II,  temperature-sensitive  element  of  which  is  the 
differential  thermocouple,  and  by  the  controlling  organ/control  - 
heating  element. 
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Installation  makes  it  possible  to  regulate  thermal  process  Mi^h 
deviation  from  program  not  more  than  on  0.1  deg  and  to  support  a zero 
difference  in  the  temperatures  on  the  symmetrical  surfaces  of 
speci inen/samples  with  error  not  more  than  0.1  deg.  With  the 
disconnection  of  the  drive  of  the  programmed  controller,  the  same 

diagrams  make  it  possible  to  stabilize  the  temperature  of 
specimen/sa mple  with  the  preser vat ion/ret ention/mai ntainin g of  the 
symmetry  of  its  temperature  field. 

Page  101. 

'D 

For  this  case  is  provided  for  the  hand  drive  of  arm  ^ of  the 
programmed  controller,  which  makes  it  possible  to  establish/install 
the  rated  value  of  temperature  with  accuracy/precision  0.05  deg. 

For  ease  of  handling  of  diagrams,  are  provided  for  indicators  1, 

4,  6 and  11,  which  show  the  output  signal  cf  correctors  and  thyristor 
amplifiers.  Parameters  of  the  experiment  are  measured  by  a 
potentiometer  of  the  compensative  type  5308  of  class  by  0. 002  and 
recording  instruments  (potentiometer  the  KS-6  1 of  class  0.5  and 
millivoltammeter  N37  of  class  1.5),  built  in  into  bench. 

The  output/yield  of  installation  on  the  assigned 


mode/conditions,  from  torgue/momen t of  which  it  is  possible  to  carry 
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out  nea  sure  merits,  is  caused  by  the  irregular  stage  of  the  development 
of  thermal  process  in  specimen/sample  an  by  the  transient  process  of 
automatic  control  systems.  Time  of  irregular  stage  is  determined  from 
formulas  (3)  and  (4)  and  can  be  checked  by  the  analysis  of  dependence 
t (0,  t)  = f (t)  , obtained  from  experiment.  The  transit  time  of 
automatic  control  systems,  velocity-dependent  of  heating  and  dynamic 
properties  of  the  adjustable  object,  is  determined  experimentally 
(from  readings  of  preamplifiers  F- 1 1 6)  it  will  turn  out  to  be  the 
approximately  equal  to  time  of  irregular  stage.  The  losses  of  the 
temperature  interval  of  measurements,  connected  with  the  introduction 

installations  into  mode/conditions,  are  50-100  deg  from  the  beginning 
of  the  process  of  heating. 


7 

a W.M'keK 


120  m m m 200  220  2>40vc 
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Fig.  7.  Dependencs  of  the  thermal  diffusivity  of 

polytetraf luoroethy lene  on  temperature  according  to  data:  1 - the 
authors;  2 - Frayman»yu.  Ye.  [4];  3 - Kirichenko  Yu.  A.,  Oleynik  B. 
N,,  Chadovich  T.  Z.  [14];  4 - Kirichenko  Yu.  A.  [15]. 

Key;  (1).  m^/s. 
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Results  of  measurements  and  estimation  of  error  in  the  method. 


The  calculated  error  in  the  method,  characterized  by  the 
root-mean-sguar e relative  measuring  errcr  coefficient  of  thermal 

diffusivity,  is  determined  from  formula 


where  P = 6'^  ♦ 6"  2 ♦ 63  ♦ 6*  ♦ 65  ♦ 6* 


total  correction.  The 
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value  of  its  error  is  located  from  expression 

AP  = + A6j  -)-  A6j  -f-  A63  -f"  A64  -f-  A65  -j-  Adi- 


For  speciraen/samples  nade  of  glass  and  quartz,  the  calculated  error 
in  the  method  is  estimated  into  f2o/o.  The  most  ponderable  component 
it  is  the  error  of  the  measurement  of  a difference  in  the 

temperatures  of  During  the  investigation  of  specimen/samples 

made  cf  polymers,  the  calculated  error  in  ♦he  method  qrow/rises  to 
t5o/o  because  of  the  effect  of  the  measuring  error  of  geometric 
dimension  / specimen/sample. 

At  the  created  installation  was  measured  the  thermal  diffusivity 
cf  polytetraf luoroethylene.  Investigations  are  carried  out  on 
specimen/samples  16  mm  in  thickness  at  four  different  speeds  of 
heating.  Measurement  data  are  represented  in  Fig.  7.  Dependence 

a,  = (l,18-10'’-0.(X)12-10-’-r)  mV  s , 

Obtained  as  a result  of  the  treatment  experimental  data  by  the  method 
of  least  squares,  is  depicted  as  solid  line.  Root-mean- square  error 

of  the  results  of  measurements 

o,.  = ±0,008- 10’’  mVs. 
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The  low  value  of  this  error  testifies  to  qood  reproducibility  of  the 
conditions  of  experiment.  The  disagreements  of  results  with 
literature  data  [ 4 [14]  and  [ 15]  do  net  exceed  errors  of  the 

appropriate  methods. 
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INSTALLATION  FOR  Ml  PRECISION  MEASDRE  MENTf  OP  Ml  THERMAL 
CONDUCTIVITY  OF  Mi  POOP  CONDUCTORS  OF  HEAT. 


O.  A.  Sergey^l^D.  A.  Tatarashvili. 


In  VNlIfl  prolonged  time  operates  itselt  specimen  installation 
for  the  measurement  of  the  thermal  condcctivity  of  tha  poor 
conductors  of  heat  [ 1 ]. 

Temperature  interval  3OO-30O®K,  in  which  works  specimen 
installation  for  the  measurement  of  the  thermal  conductivity  of  poor 
conductors,  already  insufficient  at  present,  since  it  loas  not  answer 
the  contemporary  requirements  for  science  and  engineering.  In 
connection  with  this  will  arise  the  need  for  producing  the  specimen 
installation,  making  it  possible  to  expand  temperature 


interval  into 
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low-temperatura  range  to  90®K,  and  in  h igh-tenper ature  range  - to 

# 

500®K.^For  developing  installation,  was  selected  the  stationary 
■ethod  of  the  radial  heat  flux  according  to  which,  thermal 
conductivi ty 


? in 

1 — . 

2nL\t 

where  q is  the  power  of  the  basic  heater,  isolated  of  section  with  a 
length  of  L in;  At  - a difference  in  the  temfie  ra  tures  between  the 
points,  arrange/located  at  distances  r,  and  r2  from  the  axle/axis  of 
cy linder. 

Cylindrical  specimen/sample  U with  guard  end-type  cylindrical 
heaters  1 and  9 (Fig.  1)  is  skirt  whose  length  is  120  mm,  inner  the 
diameter  of  whose  which  is  4 mm,  and  external  -40  ram. 


Fig.  1.  Diagram  of  sppc  imen/sa  mple  with  the  guard  cylinlars:  1 - 
cylinder;  2 - channels;  3 - thermocouple;  4 - specimen/ss a pie ; S - 
heater;  6 - coppe r-constantan  thermocouples;  7 - channel;  H - 
supplementary  thermocouples;  9 - cylinder;  10,  12  - guard  heaters;  11 
- through  channels. 


Page  105. 
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In  the  central  opening/aperture  of  speciraen/sampla , is  placed 
basic  heater  5,  made  frcm  constantan  lead/duct  0.2  ram  in  diameter, 
wound  up  around  the  ceramic  tube  3.6  mm  in  diameter.  The  current  and 
potential  derivations  of  the  basic  heater  are  made  from  copoer  wire 
0.2  mm  in  diameter.  For  the  measurement  of  the  temperature  in  channel 
7,  it  is  installed  eight  copper-constanta  n thermocouples  6, 
arrange/located  in  pairs  along  four  radial  mutually  perpendicular 
directions.  Su ppl ? men ta r y thermocouples  8 serve  for  the  monitoring  of 
the  leakages  of  heat  in  terms  of  the  electrodes  of  measuring 
thermocouples  6.  The  electrodes  of  all  measuring  and  supplementary 
thermocouples  are  dor i ve/concluded  through  the  through  cnannels  of  11 
cylinders  9. 

The  leakages  of  heat  in  axial  direction  are  compensated  for  with 
the  aid  of  guard  cylinders  1 and  9.  In  the  reactor  thimbles  of  2 
cylinders  1,  ate  placed  control  thermocouples  3.  Are  analogously 
placed  control  thermocouples  in  guard  cylinder  9.  On  the  absence  of 
the  leakages  of  heat  in  axial  direction,  testifies  a zero  difference 
in  the  temperatures  between  control  and  measuring  thermocouples. 
Leakages  are  compensated  for  by  guard  heaters  10  and  12. 


Installation  consists  of  three  basic  parts:  the  chamber  of 
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cryostat  (Fig.  2)  , of  vacuum  system  (Fig.  3)  and  of  measuring  bench 
(Fig.  4)  . 

I 

The  measurement  procedure  is  determined  as  a result  of  the 
investigation  of  the  possible  systematic  errors. 

I 

In  the  process  of  investigations,  are  reveal/detected  the  heat 
dissipation  of  the  basic  heater,  caused  by  the  convection  of  helium 
in  the  clearances  between  the  basic  heater  and  the  internal 
opening/aperture  of  cylindrical  specimen/sa mple.  These  losses  lead  to 
the  error  to  1.5o/o  which  completely  is  removed  after  the 
sealing/pressurization  of  internal  open  in  g/aper  tvir  e with  the  placed 
in  it  heater. 


1 


pB55S= 
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Fig.  3.  Diagram  of  th?  vacuum  system;  1 - the  chamber  of  cryostat; 

- vacuum  gauge  VIT1A;  3 - rubber  tube  for  maintaining  constant 
pressure  in  the  chamber  of  cryostat;  4 - cylinder  with  helium  gas; 

- pre-cylinder;  6 - fore  pump  VN-46ln;  7 - diffusion  oil-vapor  pump 
TsVL-100;  8 - nitrogen  trap. 
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Fig.  4.  The  diagram  of  the  measuring  bench;  1 - the  stabilizer  of 
direct  current  2 SND2;  2 - the  stabilizer  of  the  direct  current  of 

P-136;  3,  4 - noni- hermoelectric  current  switches  (plant  "Etalon”, 

type  PB-12V)  ; 5 - Dewar  flask  for  cold  ends;  R,  = 10*  ohm, 

ohm  and  Rj  = 0.1  ohm  is  speciiiien_  resistor  coils  of  IT  class;  R^,  Rj 

p HrJ 

and  R^  - control  resistors;  a potentiometer  of  the  type  of  R308 

with  amplifier  of  the  type  of  F305.I;  NE  - normal  cell/element;  Di 
and  Bj  - the  battery  of  the  supply  of  potentiometer;  LATP  - an 

V/ 

autotransformer  of  the  type  of  RNP-2‘iO-2;  V'  semiconductor 
7'  p ^ ■ 

rectifiers;  - hot  end;  y - backgrourd  heater. 
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The  basic  sources  of  systematic  errors  are  a difference  in  the 
thermal  resistance,  ar range/locate  1 on  the  external  surface  of 
specimen/sample  (because  of  the  inadequacy  of  ccntact  with  th“ 
internal  surface  of  the  bousing  of  background  heater),  the 
dissimilarity  of  the  thermal  resistor/res ista nces  of  measuring 
thermocouples  with  specimen/sample,  and  also  the  difference  in  the 
temperature  conditions  of  measurement  and  graduation  of 
thermocouples.  The  indicated  sources  of  errors  lead  to  the  fact  that 
the  initial  temperature  field  of  specimen/sample  is  uneven, 
subsequently  the  resulting  error,  caused  by  these  factors,  we  will 
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call  an  error  in  the  heterogeneity  of  temperature  field. 

For  the  excaption/elimination  of  this  error,  was  util 
principle  of  the  superposition  of  temperature  fields  accor 
which,  the  stationary  temperature  fields,  caused  by  the  di 
constantly  acting  sources,  store/add  up  themselves.  Hence 
possibility  to  eliminate  an  error  in  the  heterogeneity 
systematically:  first  necessary  to  record  stationary  tampe 
field  with  switched  off  basic  and  guard  heaters,  and  then 
include/connect  heaters  and  to  record  new  stationary  tempe 

field.  In  working  formula  it  is  necessary  to  substitute  th 
differences  in  the  temperatures,  which  do  not  contain  erro 
heterogeneity.  There  are,  at  least,  two  possibilities  to  c 
validity  of  the  aforesaid.  First,  the  absence  of  the  accou 
error  in  the  heterogeneity  leads  to  the  fact  that  the  valu 
thermal  conductivity,  measured  in  four  radial  directions, 
5-60/0.  Upon  consideration  of  error,  this  difference  does 
2o/o.  In  the  second  place,  measurements  show  that  the  hete 
of  field  with  switched  off  basic  and  guard  heaters  is  rata 
identical  at  all  temperature  levels.  This  means  that  the  s 
nonuniformity  are  constant  for  one  set  of  experiments,  whi 
characterized  by  the  invariability  of  the  assembly  of  spec 
and  guard  cylinders  in  the  housing  of  background  heater. 
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Another  systematic  error  can  be  caused  by  heat  dissipation  on 
the  electrodes  of  the  measuring  thermocouples  which  lead  t o an  error 
of  measurement  of  value  q,  substituted  in  working  formula,  and  to  an 
error  of  measurement  of  temperature  in  connection  with  ths 
disturbance  of  temperature  field  in  measuring  point.  By  our  case 
these  errors  do  not  exceed  0.1  and  0.07o/o  respectively 


FOOTNOTE  ».  See  [Russian]  page  187.  ENCFOOTNOTE. 


As  will  show  the  calculations,  nonexcluded  residue/remainders  of 
systematic  errors  were  equal  because  of:  heat  dissipation  from  the 

end/faces  of  sped  men/ sample  O.I80/0;  heat  dissipation  from  the 
end/faces  of  basic  heater  0.03o/o;  heat  dissipation  on  the  coupling 

copper  potentiomet r ic  lead/ducts  of  basic  heater  0.04o/o;  inflow  of 
heat  from  the  current  copper  jumpers  of  basic  heater  0.07o/o;  heat 
dissipation  on  the  electrodes  of  measuring  thermocouples  0.03o/o;  due 
to  the  inaccurate  determination  of  the  length  of  the  working  section 
of  the  basic  heater  and,  consequently,  also  its  power  O.I0/0. 

Page  108. 


During  the  calculation  of  random  errors,  nonexcluded 
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residue/remainders  of  systematic  errors  are  considered  as  random  with 
normal  distribution. 

A relative  random  error  in  the  measurements  is  calculated  from 
formula 


The  power  of  the  basic  heater  is  measured  by  potentiometer 
method  with  error  O.OIo/o.  Taking  into  account  the  enumerated 
nonexcluded  residue/remainders  of  systematic  errors  Aq/q  = 0.15o/o. 

For  transparent  bodies  (polymethyl  methacrylate,  glass),  which 
are  the  basic  subjects  of  investigation,  the  radii  ri  r 7 mm  and  rj  s 
17  mm  are  determined  with  the  help  of  the  microscope  of  (Jin=21  with 
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A In  — 

error  0.025  mm.  Consequently,  ?i-=0,4%. 

in-^ 

o 

In  order  to  ensure  the  conformity  of  the  measured  radii  and 
positions  of  thermocouples,  into  the  conical  part  of  the  blind  hole 
(Fig.  5)  are  placed  copper  filings  for  temperature  balance  in  the 
zone  of  the  arrangement  of  thermo junct ion . This  makes  it  possible  to 
relate  the  measured  temperature  to  the  point,  atrange/loca ted  in  the 
center  of  opening/aperture. 

The  length  L = 120  mm  of  the  investigated  specimen/sample  is 
determined  with  error  0.25  mm,  i.e.,  AL/L  = 0.2o/o. 

Differences  in  temperatures  t2-ti  = 10  deg  are  measured  by 
differential  coppe r-constan tan  thermocouples  with  error 
A (t2-t  ,)  /t  2-t  , = 0.5O/O. 

Thus,  the  calculated  maximum  random  error  in  the  measurements  of 
thermal  conductivity  will  be  1. lo/o. 

At  installation  is  measured  the  thermal  conductivity  of 
polymethyl  methacrylate  in  temperature  range  90-300®K.  Flea suraments 
are  carried  out  at  three  different  powers  of  central  heater,  which 
give,  correspondingly,  three  different  calculated  jump/drops  in 
specimen/sample  -5;  7.5  and  10  deg,  i.e.,  dependence  X = f (T)  was 
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obtained  for  three  calculated  the  temperature  differentials. 

The  comparison  of  experimental  results  shows  that  the  systematic 
errors,  connected  with  heat  dissipation  from  central  heater,  are 
absent.  Everything  three  runs  of  measurements  were  considered  as 
equally  accurate,  since  the  scatter  of  experimental  points  for  all 
three  cases  does  not  exceed  the  limits  of  an  error  in  the  method. 

Page  109. 
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Fig.  5.  Diagram  of  the  stopping  up  of  the  thermccouples 
thermo  junction;  2 - filling  made  of  copper  tilings;  3 - 
electrodes  of  thermocouples;  4 - ceramic  diplex  tube;  5 
investigated  specimen/sample. 
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Fig.  6.  Dependenca  of  the  thermal  conductivity  cf  polymethyl 
methacrylate  on  temperature  according  to  the  data  of  th^  works:  1^ 

8-  [^1*.  ^ ~ [I]!  ^ ~ according  to  our  data;  4 - [7];  5 - [2];  6 - 
[8];  7,  9.  [9]. 

Key:  ( 1)  . W/m  deg. 


Page  110. 

Processing  the  findings  on  the  method  of  least  squares  leads  to  the 

following  dependence  of  thermal  conductivity  on  the  temper  ure:  X = 
0.  224  - (7.550/T)  . 

A root-mean-square  error  of  measurement  of  thermal  conductivity 
will  turn  out  to  be  equal  to  I.Oo/o.  The  dependence  of  ♦'hermal 
conductivity  on  temperature  is  shown  in  Fig.  6 (is  curve  3).  As  is 
evident,  the  findings  will  agree  well  with  literature. 
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